In order to determine the exon-intron structure and the nucleic acid sequences of the equine genomic cytochrome P450 steroid 
Cytochrome P450 steroid 17α-hydroxylase/17,20-lyase (CYP17) expressed in mammalian adrenal cortex and gonads in both sexes, plays a key role in steroidogenesis by catalyzing two distinct activities namely 17α-hydroxylation and C 20 -21 side-chain cleavage from steroid nucleus of progestagens. In testes and ovaries, CYP17 produces precursor androgens for further synthesis of testosterone and estrogens [6] . Although the molecular cloning and nucleotide sequence of complementary DNA (cDNA) for the equine testicular CYP17 mRNA had been reported [1] , the complete sequence of this gene consisted of seven introns had only been determined in human and few mammalian species [11] . In order to investigate the mechanism of transcriptional control in this gene, cloning of the 5'-upstream region include promoters and enhancers of this gene is indispensable.
In a preliminary experiment, the equine genomic DNA library had been screened with cDNA clone of equine CYP17 as a probe, but no positive clones were obtained. The reason of this failure to obtain positive clones is mainly considered to be a lack of technical experience. However, the single locus property of the equine genomic CYP17 gene like in humans [2] or a possibility that the library did not cover the whole equine genome were not eliminated. Since, there are seven introns in the amino acid coding region of the human CYP17 gene, the cDNA possibly would not be suitable as a probe to screen a genomic library.
Polymerase Chain Reaction (PCR) [7] , an in vitro technique to amplify particular gene or gene segment by using heat-stable DNA polymerase, had been employed in the various fields of investigation or diagnosis. More recent, several enzyme mixtures in comb inati ons o f ampli fication effi cient DNA polymerases (Taq polymerase, Tth polymerase) and high fidelity DNA polymerases (Pfu polymerase, VENT p olymerase) w ith 3' -exonuclease activity ar e commercially available to amplify long DNA fragments. We employed these enzymes to amplify the fragments of equine genomic DNA including introns with primers designed by comparing nucleotide sequences of equine CYP17 cDNA [1] and human genomic CYP17 gene [5] . 
Materials and Methods

Equine genomic DNA preparation
Heparinized blood sample was collected from jugular vein of a 3-years-old healthy Thoroughbred colt, and the genomic DNA was prepared according to conventional proteinase K and phenol extraction method [8] . As a template for the PCR reaction, a 10 µl of 4 µg/µl (40 µg) aqueous solution of equine genomic DNA was used for one PCR reaction.
Polymerase Chain Reaction (PCR)
Seventeen oligodeoxynucleotide primers (see Results, Table 1 ) were designed by comparing the nucleotide sequence of equine CYP17 cDNA sequence and the exon-intron structure of human genomic CYP17 [5] , to amplify DNA fragments including introns from equine genomic DNA as a template. Two kinds of hea t-stab le DNA poly meri ses, Taq PLUS DNA polymerase (Stratagene, La Jolla) or GeneAmp XL II kit (Perkin-Elmer Japan, Urayasu), were used for long DNA amplification in this study. All PCR reactions were performed in 100 µl buffer solutions those supplied by the manufacturers with 100 pmoles of each primer. The condition of thermal cycle was as follows. Initial denaturation at 95°C for 5 min, 14 cycles at 68°C for 10 min and 95°C for 1 min, 16 cycles with 15 sec/ cycle extension at 68°C.
Agarose gel electrophoresis
DNA fragments amplified by PCR reaction were analyzed with agarose gel electrophoresis with minisubmarine electrophoresis apparatus (Mupid 2; Advance, Tokyo) and 1% or 0.8% agarose NA (Pharmacia-Biotech, Tokyo) in 0.5 × TAE (Tris-acetic acid-EDTA buffer). As a molecular-weight marker, Lambda HindIII digest (Toyobo, Tokyo) or Lambda EcoT14I digest (Takara Shuzo, Kyoto) was used.
Cloning into plasmid vectors
After confirmation of molecular size with agarose gel electrophoresis, PCR products were excised and purified with GeneClean II kit (BIO 101, La Jolla). The purified DNA were ligated to dephosphorylated SmaI site of plasmid vector pUC18 (Pharmacia-Biotech, Tokyo) or pBluescript II SK(-) (Stratagene, La Jolla), after phosphorylation (T4 polynucleotide kinase; Takara Shuzo, Kyoto).
Determination of nucleotide sequences
Nucleotide sequences of PCR products were determined with a combination of an A.L.F. automated DNA sequencer, Fluorescein labeled M13 primers and Cycle sequence kit (Pharmacia-Biotech, Tokyo) by Sanger's dideoxy terminater method [9] . All the nucleotide sequences of PCR clones were assembled and analyzed with a personal computer based nucleotide data analysis software (DNASIS-Mac; Hitachi Software Engineering, Yokohama).
SINE-PCR
To perform SINE-PCR with single primer and equine genomic DNA as a template, two oligonucleotide primers were designed from the nucleotide sequence for the intron C of equine genomic CYP17, and previously reported Mammalian-wide Interspersed Repeat sequences (MIRs) [2, 4] . The PCR reaction mixture was consisted with 200 ng template DNA, 100 pmoles of the either primer and 0.25 units of Taq DNA polymerase (Takara Shuzo, Kyoto), in a 50 µl standard reaction buffer supplied by the manufacturer. After incubation at 95°C for 5 min, 30 temperature cycles were consisted of denature at 95°C for 1 min, anneal at 37 or 48°C for 1 min, and extension at 72°C for 1 min a n d r e s u l t s w e r e c o m p a r e d b y a g a r o s e g e l el ec rt ro p hor e sis bet we e n th e tw o a n ne a ling temperatures or the two primers. 
Results
From the nucleotide sequence determination of the PCR products from equine genomic DNA, the exonintron structure and the 6217 base pairs nucleotide sequence of the equine genomic CYP17 gene had been reconstituted (Fig. 1) . The 1906 base pairs of amino acid coding nucleotide sequence for equine CYP17 cDNA was divided into 8 exons of the equine genomic CYP17 gene. The exon-intron boundary sequences completely conformed to the classical 5'-donor and 3'-acceptor consensus rule (GT...AG). In comparison with human CYP17 gene (Table 2 ), the length of each exon was identical with human counterpart, and showed very high similarity (76.5-89.3%) in these amino acid coding regions. The nucleotide sequences of introns inserted between exons showed certain similarity scores of 53.8% in intron A to 73.7% in intron G, but the scores were comparably lower than in the exons. The Alu repetitive sequences, that were reported to be found in the introns A, D and F of the human CYP17 gene, had not been found in the equine CYP17 gene introns or exons (Fig. 2) .
In the intron C of the equine CYP17 gene, there were tandemly repeated 72 bases sequences, which show high similarity with 70 bases consensus sequence of Mammalian-wide Interspersed Repeat sequences (MIRs), and a recognition site of restriction enzyme HindIII (2772-2777) was placed between them (Fig. 3) . MIRs are considered as members of the SINE-type repetitive sequences, which has distributed all over the Mammalian species including Marsupials. To perform SINE-PCR, the oligonucleotide primer C-20-3 (5'-ATCCCCCATACAGATGAGAA-3') was designed from the MIRs related repeat sequence within the intron C of the equine CYP17 gene, and the primer 3'-mir19 (5'-TCCCTCATTTTACAGATGA-3') was selected among previously reported primers derived from MIRs [4] . Figure 4 represents the result of the agarose gel electrophoresis of the PCR products amplified from equine genomic DNA by single primer PCR in which only single primer (C-20-3 or 3'-mir19) was used. Numerous bands were observed from 300 bp to around 2000 bp with both primers or both anneal temperatures (37°C and 48°C).
Discussion
Cloning any gene of interest, a genomic DNA library will be usually constructed by using cosmid-or phagederived cloning vectors, and usually screened by plaque hybridization method or colony hybridization method with cDNA of homologous species or a gene fragments of the other species as a probe. In order to screen a specified single locus gene from the whole genome, at least 300,000 clones (phage) or 70,000 clones (cosmid) should be screened at a time. Furthermore, it is necessary to determine the nucleotide sequences of two or more clones repeatedly. On the other hand, human CYP17 gene consists of 8 exons and 7 introns, and total nucleotide extent of introns was twice of the exons'. There have not been eliminated the possibility that the equine cDNA sequence would fail to hybridize with the total extent of equine CYP17 gene include 7 introns in a screening of genomic DNA library. In the other species that the structure of the CYP17 gene have been reported, such as rats and mice, the introns occupy the major part of the gene. Therefore, the screening of CYP17 gene that includes introns as a major part would have same difficulty about utilizing CYP17 gene of other animal species in comparison with equine cDNA as a probe.
Thus, instead to screen the equine genomic DNA library with equine CYP17 cDNA as a probe, we employed a PCR amplification of CYP17 gene from equine genomic DNA to elucidate the genomic structure of the gene. Since in the report of the nucleotide sequence of equine CYP17 cDNA, human cDNA showed highest similarity with equine cDNA among those of the tested mammalian species, we designed primers to amplify the equine genomic DNA fragments based on the exon-intron structure of human genomic CYP17 gene. Human genomic sequence of CYP17 gene was compared with equine cDNA and determined the presumable insertion point of the introns. All the primers were designed to amplify equine CYP17 gene fragments include one or more introns (Table 1) . Cloning the PCR products, followed by determining their nucleotide sequences, revealed 6217 base pairs of the equine CYP17 gene include 37 bases of 5'-untranslated region and the amino acid coding region from exon I to exon VIII. As for human CYP17 gene, mutual sites of RNA splicing between exons and introns represented conservative motifs so called donor and acceptor signal sequence of RNA (GT...AG).
The similarities of the nucleotide sequence of the introns spanned from 53.8 to 73.7% were comparable with those of the exons, which spanned from 76.5 to 89.3%. These relatively high similarity scores may represent the highly conservative nature of the mammalian CYP17 gene structure, even in the introns (Table 2) . Though the introns A and C showed the lowest similarity scores, these scores are still 53.8% and 57.4%, respectively, between human and equine nucleotide sequences. In humans, introns A, D, and F contain the Alu repetitive sequences [3] within their nucleotide sequences. However, any Alu-related sequences could not be found in the whole determined nucleotide sequence of the equine CYP17 gene in this study. Instead of Alu repetitive sequences, there were tandemly repeated 72 bases sequences in the intron C of the equine CYP17 gene. The repeat units were 72.2% in nucleotide similarity with each other, and showed high similarity with the 70 bases consensus sequence of the MIRs [4] . Because it was assumed that MIRs have a large copy number comparable to Alu repetitive sequences of humans [10] , PCR primers derived from MIRs will have potency of redundant amplification of genomic DNA, like the Alu-PCR. Actually, as lots of bands represent small PCR product less than 2 kbp were amplified from equine genomic DNA (Fig. 4) , it will become a useful tool for genome-wide analysis.
We demonstrated herein in the present study the HindIII: HindIII restriction site between directly repeated MIRs related sequences in the intron C of equine CYP17 gene. Fig. 3 . MIRs related sequences in intron C. Two repeat units in the intron C of equine CYP17 gene were compared with each other, and 260 bp MIRs consensus sequence [10] . MIRs consensus sequence was expressed as complementary sequence. Primer sequences reported in the previous report (3'mir19) [4] and designed in this study (C-20-3) were also aligned.
exon-intron structure of the equine CYP17 gene and the direct evidence of the existence of the MIRs in the equine genome. MIRs related sequence would exist widely in an equine genome, and their potency as primers for SINE-PCR to amplify various gene fragments was strongly suggested. 
